Objectives-Soft tissue abscesses are common in the pediatric emergency department (ED). Ultrasound (US) can be used to both diagnose soft tissue abscesses as well as guide drainage. We hypothesized that clinical failure rates would be less in pediatric patients with suspected skin abscesses when evaluated with US.
S
kin and soft tissue infections such as cellulitis and skin abscesses are common in children, with more than 7.9 million children presenting for treatment in 2005 in the United States. 1 The treatment for cellulitis involves antibiotics that are active against anticipated skin pathogens. The standard therapy for mature skin abscesses is incision and drainage (I&D) of the abscess, but this procedure is painful and may require sedation. Patients who fail initial surgical drainage may require repeated surgical interventions. The failure rate after I&D for pediatric skin and soft tissue abscesses is between 4% and 20%. [2] [3] [4] [5] A 2009 randomized controlled trial of pediatric abscesses by Duong et al 4 found that 17.1% of patients failed I&D within 10 days.
Prospective randomized controlled studies looking at soft tissue abscesses focus on surgical drainage and ignore patients who are treated without surgical drainage. Not all skin abscesses require surgical drainage, as conservative treatment for smaller or earlier skin abscesses includes expectant management consisting of warm compresses with or without antibiotics. 6 There has been little published in the medical literature exploring nonsurgical management of smaller or earlier skin abscesses. Retrospective pediatric studies on skin abscesses have reported between 5% and 49% of patients treated without I&D. [5] [6] [7] The authors were unable to find published research exploring the relative benefits of conservative nonsurgical therapy.
Ultrasound (US) is useful for skin abscesses to diagnose the abscess cavity as well as to provide guidance during I&D. [8] [9] [10] [11] [12] Despite widespread use of US in pediatric emergency departments (EDs) and its proven utility over physical examination alone, [13] [14] [15] [16] [17] there is no outcomes-based research to help guide integration of clinician-performed soft tissue US examinations into clinical care. 15 In this study, we compared clinical outcomes in pediatric patients presenting to the ED with a possible skin abscess, comparing outcomes with and without clinician-performed US examinations.
Materials and Methods

Study Design
We performed a multicenter retrospective observational review of pediatric patients presenting to the ED with an uncomplicated skin and soft tissue abscess from February 2014 to December 2015.
Setting and Population
The study was conducted at 4 separate EDs with a single integrated electronic medical record. Institutional Review Boards at all sites approved this study. Emergency physicians involved in this study who interpreted the soft tissue US examinations were all experienced in soft tissue US, with more than 50 US examinations performed and interpreted.
Study Protocol
Ultrasound imaging was performed with a linear transducer (5-11 MHz). The imaging protocol for soft tissue abscesses included images of the abscess cavity in 2 orthogonal planes. Imaging of the abscess cavity after the procedure were suggested but not required. We identified patients for inclusion in this study as those patients presenting to the ED with a suspected skin abscess. Patients aged 0 to 17 years were eligible for inclusion. Patients were excluded if they presented with postsurgical infection, a foreign body, an animal bite, paronychia, a dental abscess, a genital abscess, or a peritonsillar abscess. Patients who were clinically ill at presentation (defined as fever, hypotension, or described as "appearing clinically ill") were also excluded.
Patient Identification
Patients were identified from 2 separate existing databases. We used a multilayered approach to identify all patients with an abscess during the study period, as there is no institutional protocol requiring US use in assessing patients with a suspected abscess. A database of all ED US examinations was reviewed for all patients who had a soft tissue US examination for a suspected abscess. The US database contains information on type of US examination, the reason for performing the examination, and the findings of the examination. A second database of the patient's electronic medical record was searched for patients presenting with suspected skin and soft tissue abscesses. Presenting symptoms, discharge diagnoses, and triage information were searched for terms associated with skin and soft tissue abscesses. Search terms consisted of "abscess," "absess," "abcess," "cyst," "carbuncle," "furuncle," "boil," "bug bite," "spider bite," and "pus." All identified patients were included in a single study database.
The definition of an abscess was based on a physical examination, surgical drainage, or US findings. For the purpose of this study, a skin abscess included any of the following: (1) evidence of purulence after I&D; (2) evidence of purulence on the physical examination; (3) US evidence of an abscess cavity; and (4) physical examination findings of an abscess in patients without US or I&D. On US imaging, an abscess was defined as visualization of an abscess cavity or pocket of fluid in the subcutaneous space.
Patients included in the study database had their data abstracted from the medical record after a structured review. Information on demographics, clinical presentation, therapy, US imaging, final diagnosis, discharge instructions, follow-up visits, and outcome were included. Electronic medical records for the ED, inpatient hospitalization, outpatient clinics, and primary care physicians' offices were all reviewed for the 2 months after the initial ED visit to determine failure of therapy. Data abstraction from the electronic medical record was performed by both authors using a standardized data sheet. Data abstractors were not blinded to the study question during data collection. However, determination of the outcome variable (failure of therapy) was performed blinded to the patients' characteristics during the treatment visits. Discrepancies in data were resolved after adjudication by both abstractors.
Therapeutic failure was defined a priori. Clinical failure was defined as any I&D or surgical manipulation after discharge from the initial ED visit if it produced additional purulence. Patients discharged (or admitted) with a plan to have I&D at a later date were not characterized as having a clinical failure.
Ultrasound images were reviewed blinded to outcomes for the presence or absence of previously identified US features of abscesses. The methods for determining the presence or absence of the abscess shape, echogenicity, visibility of the abscess edge, size, and presence of multiple cavities were based on a previously published article. 18 Results were recorded in an electronic database.
Data Analysis
Our primary outcome was therapeutic failure of the treatment regimen, comparing US and non-US. Our secondary analysis was failure rates after nonsurgical therapy compared to surgical intervention. Data are reported as mean 6 standard deviation where applicable. Comparisons between groups were performed by a Fisher exact analysis. We analyzed the data separately for patients with a suspected skin abscess as well as the subset of patients with a diagnosed skin abscess. Our power calculation assumed at least 109 patients in each comparison group for our primary outcome (US and non-US) with failure rates of 4% and 16%, respectively, and an a of .05, resulting in power of 80%.
Results
Failure rates for patients evaluated with US were significantly lower than those evaluated without US ( Figure  1 ). Patients with an abscess who had a US examination during their ED visit failed therapy 4.4% of the time (5 of 113) compared to a 15.6% failure rate (29 of 186) when US was not used (P < .005). Patients undergoing US-guided I&D had a lower failure rate compared to non-US-guided I&D (3.4% versus 10.5%; P 5 .07), but the difference was not statistically significant. Nonsurgical management for patients with an abscess showed improved outcomes when US was used (7.7% versus 29.2%; P 5 .03). In patients who initially had a nonabscess misdiagnosis because US was not used, the failure rate was 28% (7 of 25). During the study period, 377 pediatric patients with a suspected skin or soft tissue abscess were evaluated at the 4 EDs. The mean age of the patients 6 SD was 8.1 6 6.0 years, and sex was almost evenly split, with 48% male patients. The most common abscess anatomic location was the extremity (26%), followed by the buttock (25%), axilla/groin (15%), and head/neck (14%). A total of 304 of these patients has a diagnosis of an abscess according to our study criteria (Figure 1) . The diagnosis of an abscess was made by US in 115 of 304 (37.8%). Ten patients without US had an initial misdiagnosis but returned because of persistence of symptoms, requiring I&D for an undiagnosed abscess. The overall failure rate after therapy for the soft tissue abscesses was 11.2% with 34 of 304 requiring repeated I&D: 19 (8.2%) after I&D and 15 (21.1%) after nonsurgical management.
The US features of the abscess cavities in the patients are listed in Table 1 . Patients who underwent I&D had larger abscess cavities that were more easily identified on US imaging, with more distinct edges and less likelihood of being isoechoic. Failure after I&D was associated with a smaller cavity (17.2 versus 44.8 mm 3 ; P < .05) but no US features were associated with failure. Failure after nonsurgical management was not associated with size or US features.
Discussion
The standard therapy for an abscess is I&D, but it is not clear whether using US with I&D improves therapy. In this study of skin and soft tissue abscesses, US-guided therapy was roughly 3 times more successful compared to treatment without US regardless of the treatment regimen. The failure rates in previously published articles on pediatric abscesses ranged from 4% to 14%, with studies using US showing lower failure rates compared to those in which US was not used. 2, 4, 7 The only US feature that was associated with higher failure after I&D was a smaller abscess cavity. It is possible that smaller abscess cavities are more associated with methicillin-resistant Staphalococcus aureus, which result in higher failure rates. 18 Although speculative, it is also possible that smaller cavities fail therapy because they may be harder to find with a scalpel.
Ultrasound likely improved treatment through improved diagnosis and improved therapy by stimulating clinicians to provide the correct therapy. Ultrasound has been shown to be better than a physical examination for identifying abscesses in pediatric patients, 8 but there are limited data on US and surgical drainage. Ultrasound was shown to help surgical drainage in one adult study. 19 We speculate that this increased success is a result of identifying the abscess location, monitoring the progress of the surgical drainage, or both. Not all patients underwent US imaging, and it remains unclear why some patients underwent US imaging and others did not. It is possible that US was used more frequently when the diagnosis was in doubt. It is unlikely that credentialing or equipment was a factor, as equipment is uniformly available, and all faculty members are credentialed in soft tissue US.
Not all pediatric patients with an abscess undergo I&D, as nonsurgical expectant management of smaller or earlier abscesses is common. A study in 2011 found that nonsurgical therapy was common, with the rate for conservative therapy as high as 49% in some hospitals. 6 In that study, 79% of patients treated with nonsurgical management did not fail therapy, but the failure rate after conservative management surpassed the failure rate after I&D. In our study, failure rates for patients with an abscess without I&D were 2.5 times higher than those for patients undergoing surgical drainage.
Limitations
This work was a retrospective study and had the inherent problems and potential biases of any retrospective study. The retrospective nature of this study offered an advantage by including a patient population that had been neglected in prior prospective randomized trials. Previous outcome studies on pediatric abscesses included only patients with clinically apparent abscesses undergoing surgical drainage but not patients for whom I&D was never attempted. These studies underestimated the true failure rate by excluding patients with an initial misdiagnosis. This study included patients for whom the diagnosis of an abscess was missed and I&D was never attempted. With the important exception of pain from the procedure or complications related to sedation, a failure after I&D and a failure because I&D was never attempted were both considered clinical failures.
Other limitations included the search methods for identifying suspected abscesses and a small sample size. It is likely that our search parameters for identifying patients to review for inclusion did not capture all skin abscesses. In total, 37.5% of patients in the study had US examinations, but 81.5% of those examinations had positive results for an abscess, which may represent a biased selection of patients for inclusion. We did not search specifically for patients with cellulitis and identify those who later developed an abscess. Those who later returned with an abscess would have been included, as our search parameters would have identified them at their second visits. Patients identified as having a misdiagnosis would have been missed if they returned to another ED for subsequent care. Finally, patients who failed therapy and who presented to another hospital would not have been captured in this database. This possibility is less likely, in that we searched all primary care records as well, and many times, visits to other hospitals or providers are noted in subsequent visits to primary care physicians.
Conclusions
Patients treated with bedside US had a significantly lower failure rate after both I&D and expectant management. Ultrasound should be incorporated into the care of patients with suspected skin and soft tissue abscesses and should be used in all cases of suspected abscesses. Prospective studies on US-guided abscess drainage should be performed to confirm these results.
